Background Poor adherence to topical therapy in psoriasis remains an issue; it is associated with poor clinical out-
Introduction
Topical therapies are the mainstay of psoriasis treatment, either as first-line therapy for mild-to-moderate psoriasis or in combination with ultraviolet or systemic therapies in more severe disease. [1] [2] [3] However, poor adherence to topical therapies remains a significant problem; indeed, some studies have reported adherence rates of just 40%-70%. [4] [5] [6] Poor adherence leads to a number of additional issues, such as decreased clinical outcomes, reduced quality of life and increased costs. [7] [8] [9] Adherence is influenced by multiple factors, which can be patient, disease or treatment related. 10 Treatment-related reasons include lack of efficacy, excessive time applying the medication and poor cosmetic characteristics. 4 The vehicle used can therefore also impact adherence, 11 as patients generally prefer a vehicle that is simple to apply, quickly absorbed and not greasy. 12 However, patient preferences for topical treatments are different and may vary over time. 13 The efficacy and safety of fixed combination calcipotriol 50 lg/g (Cal) and betamethasone 0.5 mg/g as dipropionate (BD) have been confirmed in a number of studies. [14] [15] [16] [17] [18] [19] [20] [21] The ointment and gel formulations of this fixed combination are established first-line treatments for psoriasis. 22 An aerosol foam formulation, which was developed to enhance adherence and increase the therapeutic options available to patients, has been shown to be effective and well tolerated. 17, 23 The Phase IIIb PSO-INSIGHTFUL study was designed to assess the patientreported factors that influence preference following once-daily topical treatment with Cal/BD foam and gel, whilst minimizing the impact of efficacy.
Methods

Patients
Eligible patients were aged ≥18 years with mild-to-severe psoriasis vulgaris of ≥6 months' duration, involving 2%-30% body surface area (BSA; trunk and/or limbs) and with a modified (excluding the head, which was not treated) Psoriasis Area and Severity Index (mPASI) of ≥2. All patients were na€ ıve to both Cal/BD foam and gel. Patients on stable doses of systemic antipsoriatic therapies, including biologic agents, who otherwise met inclusion criteria could be enrolled. Patients were not eligible if they had received any topical antipsoriatic treatment on the trunk and/or limbs within 2 weeks, psoralen plus UVA therapy within 4 weeks, or UVB therapy within 2 weeks before randomization. Other exclusion criteria included the following: planned excessive exposure of the treated area to sunlight; current diagnosis of guttate, erythrodermic, exfoliative or pustular psoriasis or other inflammatory skin disorders; disorders of calcium metabolism associated with hypercalcaemia; or hypersensitivity to any component of the investigational products. All patients provided written informed consent.
Study design
PSO-INSIGHTFUL was a prospective, multicentre, Phase IIIb, open-label, randomized, two-arm crossover study (NCT02310646) (Fig. 1) . Following a 4-week washout period (if needed due to previous treatment), patients were randomized 1 : 1 (stratified by site, via a centralized randomization service and in accordance with a preplanned computer-generated randomization schedule) to once-daily Cal/BD foam for 1 week, followed by once-daily Cal/BD gel for 1 week (group 1) or vice versa (group 2). A 1-week treatment cycle was considered sufficient to assess the usability of each product while limiting the impact of treatment efficacy on preference. Patients were allowed to treat plaques on the trunk and/or limbs and were instructed not to apply Cal/BD foam and gel on the face, scalp, genitals or skin folds. The institutional review board or independent ethics committee of all investigational sites approved the protocol. The study was performed in accordance with the Declaration of Helsinki and good clinical practice. ). For the latter four questionnaires, items relevant for patient preference were selected based on a literature search of product attributes impacting usability. These items were then sorted into domains identified from in-house knowledge at LEO Pharma and a review of relevant literature. Patient interviews were conducted to ensure that the questionnaires assessed relevant, clinically important issues, that the chosen domains were logical and that the questions and instructions for use were understandable; each questionnaire was also tested by nine selected patients. Finally, focus group interviews were conducted to evaluate the relevance and practicality of the questions and domains, ease of completion and if the length of the questionnaires was appropriate. The SABA aimed to gain insight into: (i) how patients' lives were impacted by psoriasis; and (ii) patients' attitudes to psoriasis and psoriasis treatments. The TPUQ, CLTT and SPA assessed how product attributes impacted usability. The literature search identified 25 items that were organized into four domains: 'application' (n = 9), 'formulation' (n = 9), 'container' (n = 4) and 'satisfaction' (n = 3). An additional item assessed overall experience/satisfaction/preference with Cal/BD foam and gel or LTT. All items were assessed in each of the questionnaires (except for 'satisfaction', which was not included in SPA).
Crossover Randomization
Following randomization, patients completed the following:
1 SABA: Comprised 13 questions: six on the 'impact of psoriasis' (e.g. work/social life, sexual/social relationships, physical/mental wellbeing) whereby patients responded 'yes' or 'no', and seven on 'attitudes to psoriasis and treatments' using a five-point scale ranging from À2, 'strongly disagree', to +2, 'strongly agree'. 2 DLQI: Comprised 10 questions, each scored between 0 and 3; the final DLQI was calculated by summing the score of each question. A score of 0 or 1 (range 0-30) indicates no impact of psoriasis on the patient's life. 3 TPUQ: At baseline, the TPUQ assessed the LTT. Each patient assessed the extent to which they agreed with each of the 26 items using a five-point scale ranging from À2, 'strongly disagree', to +2, 'strongly agree'.
During visits to the clinic at the end of weeks 1 and 2, before the investigator assessments, patients completed three questionnaires based on their treatment experience during the previous 7 days: 1 TPUQ. 2 VPM: Comprised seven items that were assessed on a sevenpoint scale ranging from À3, 'extremely unappealing', to +3, 'extremely appealing'. 3 CLTT: Patients stated whether they preferred their LTT or Cal/BD foam/gel, or had no preference.
At the end of week 2 visit, patients also completed the following: 1 SPA: Comprised two parts: the patient indicated (i) if they preferred Cal/BD foam or gel based on the previous 14 days; and (ii) how much each of the 22 application-related, formulation-related and container-related items contributed to their overall preference using a four-point scale ranging from 'very important' to 'not at all important'. The TPUQ at baseline and CLTT were only completed if the patient had used topical treatment within 3 months before baseline.
Safety assessments Safety was assessed by the evaluation of standard adverse events (AEs) and adverse drug reactions. AEs were coded based on Medical Dictionary for Regulatory Activities version 15.1.
Statistical analysis
For sample size calculations, the proportion of patients preferring Cal/BD foam over gel was assumed to be 0.70. With a sample size of 200, a two-sided 95% confidence interval for the proportion of patients preferring Cal/BD foam would extend 0.064 from the observed proportion (normal approximation). With 100 patients in each group, Fisher's exact test with a twosided 5% significance level had 94% power to detect a difference between 50% in group 1 and 75% in group 2 preferring Cal/BD foam (nQuery Advisor â version 7.0).
For the SPA, individual baseline characteristics were examined in a two-factor logistic regression model including treatment sequence and various baseline characteristics (gender, age, disease severity, psoriasis distribution, plaque size, plaque thickness and psoriasis onset age) as factors. For the TPUQ, the Wilcoxon signed rank test assessed the period differences for group 1 vs. group 2, as well as within-subject differences to LTT. Summary scores were calculated by summing numeric scores for items under each domain. Within-subject differences between Cal/BD foam and gel (TPUQ sum scores and overall satisfaction) and overall preferences (SPA) were analysed in exploratory analyses of variance using stepwise forward selection (entry significance level 5%); these analyses tested various baseline characteristics. Post hoc, TPUQ sum scores and overall satisfaction were analysed separately for Cal/BD foam and gel using exploratory analyses of variance with stepwise forward selection (entry significance level 1%). Missing values were not imputed, and summary scores (TPUQ and VPM) were not calculated for patients with any missing items. DLQI scores were not calculated for patients with more than one missing item.
The full analysis set (FAS) comprised all randomized patients who completed an on-study questionnaire. The safety analysis set comprised all patients who received at least one dose of study medication and for whom postbaseline safety data were available. The LTT analysis set comprised all randomized patients who had used topical treatment within 3 months before baseline.
Results
Patients
Overall, 219 patients were enrolled in Canada and Germany between 10 February 2015 and 16 June 2015; six were screen failures (Fig. 2) . The remaining 213 patients were randomized and all received at least one application of Cal/BD foam or gel. Two patients discontinued, one of whom was excluded from the FAS. Of the randomized patients, 118 had received a topical treatment in the previous 3 months. Most patients (57.5%) had psoriasis of moderate severity based on PGA, and 84% had the disease for >5 years (Table 1) .
SABA: baseline behaviour and attitudes
Approximately 50% of patients reported that psoriasis impacts their 'self-confidence' (59.0%), 'emotional wellbeing' (53.1%) and 'social life' (49.5%) (Table S1 ). Most patients were 'keen to try the newest treatments available' (90.0%) and reported that 'being able to apply treatment quickly is very important to me' (90.1%) (Table S1 ).
SPA: overall patient preferences
Based on the SPA, patient preference for Cal/BD foam and gel was 50 : 50 (Table 2) ; the treatment sequence did not significantly impact the responses. Logistic regression analyses demonstrated a significant age effect (P = 0.001), whereby younger Topical patient preferences in psoriasis patients preferred Cal/BD foam and older patients preferred gel ( Table 2) ; there were no significant findings for other baseline characteristics. The reasons for the stated preferences were not very discriminatory. However, for Cal/BD foam, size of application area and items related to feelings of relief and soothing seemed to be of importance (Fig. S1 ). For Cal/BD gel, precision of application impacted patient preference (Fig. S2) .
TPUQ: evaluation of study treatments
Mean application, container and satisfaction domain scores were high for both Cal/BD foam and gel (Table 3 ). There were significant differences in favour of Cal/BD foam for some formulation items (e.g. 'immediate feeling of relief' and 'felt soothing'), and in favour of Cal/BD gel for some application (e.g. 'ease of application' and 'ease of spreading'), container ('accurately dispense wanted amount') and formulation (e.g. 'odourless' and 'not greasy') items (Table 3) . Satisfaction scores were similar between treatment groups. Multiple regression analyses for TPUQ score differences demonstrated that patients aged 18-39 years preferred Cal/BD foam, while patients aged 40-59 years and ≥60 years preferred Cal/BD gel (Table S2 ). Interestingly, a significant age effect was observed for Cal/BD gel (Table S3 ), but not for Cal/BD foam. The forward selection procedure also identified psoriasis distribution as a significant factor; there was a trend towards more favourable scores for Cal/BD foam in patients with localized distribution and in favour of gel for patients with widespread distribution (Table S4) .
TPUQ: comparison with latest topical treatment
Mean TPUQ domain scores were often significantly in favour of both Cal/BD foam and gel compared with LTT (Table 4) . Scores for Cal/BD gel were generally higher than for LTT. Most scores for Cal/BD foam were higher, although some related to ease of application and container items were comparable to LTT (Table 4 ). Greater differences between Cal/BD foam and gel vs. LTT occurred when the previous treatment was an ointment; smaller differences occurred when the LTT was 'other' (including solution, liquid, lotion or other; n = 12) (Table S5) .
CLTT: patient preferences vs. latest topical treatment
Overall, the results from the CLTT were in line with the TPUQ. Patient preference was for Cal/BD foam and gel over LTT for most application and formulation items, and for all container and satisfaction items (Table S6 ). The highest preference rates for Cal/BD foam were for 'immediate feeling of relief' (71.6%), 'felt soothing' (70.7%), 'would recommend' (72.2%) and 'overall experience' (76.5%); for Cal/BD gel, they were 'quick to apply' (67.2%), 'quickly absorbed' (60.9%) and 'overall experience' (70.2%). The preference rates for Cal/BD foam and gel were usually higher when the LTT was ointment or cream (Table S7) .
VPM: patient preferences for the vehicle
Overall, the results from the VPM were in line with the TPUQ. Mean VPM scores were generally high for both Cal/BD foam *P < 0.05; **P < 0.01; ***P < 0.001. Range: À2, 'strongly disagree' to +2, 'strongly agree'. NS, not significant; TPUQ, topical product usability questionnaire.
and gel (Table S8 ). The highest mean scores for foam were for 'time it takes to apply' and 'how it feels on the skin'; for gel, they were 'time it takes to apply', 'ease of application' and 'how it smells'. There were no major differences in VPM scores between Cal/BD foam and gel. The only significant difference was in favour of Cal/BD gel vs. foam for 'how it smells' (mean of 1.9 vs. 1.6; P = 0.003). Younger patients tended to give higher scores for Cal/BD foam, while older subjects tended to give higher scores for gel (Table S8) . VPM scores tended to be higher for both Cal/BD foam and gel in patients with more severe disease (Table S9 ) and thicker lesions (Table S10 ).
Safety
Twenty-one patients (9.9%) experienced a total of 21 AEs. Nasopharyngitis was the only AE experienced by >1 patient (n = 4). No serious AEs, severe AEs or AEs leading to withdrawal were observed. Two patients had investigator-assessed treatment-related AEs: one patient experienced mild folliculitis 3 days after starting treatment with Cal/BD foam, which had a duration of 7 days; one patient experienced moderate contact dermatitis on the same day that the Cal/BD gel treatment was initiated, which had a duration of 1 day.
Discussion
The PSO-INSIGHTFUL study demonstrated that overall patient preference was similar between Cal/BD foam and gel, with both products scoring well on patient-reported assessments of usability and satisfaction. This highlights that patients have different preferences for the topical treatment of psoriasis, suggesting that individualized approaches are important. This is in agreement Range: À2, 'strongly disagree' to +2, 'strongly agree'. LTT, latest topical treatment; TPUQ, topical product usability questionnaire.
with a previous preference study, which concluded that there is no 'one size fits all' approach in psoriasis and that patient needs should be considered when deciding treatment regimens. 13 The current study was deliberately designed to minimize the impact of efficacy; however, as efficacy is an important factor in treatment adherence, 4,26 the results should be viewed in the context of the known efficacy profiles of Cal/BD foam 17, 23 and gel. 19, 21 The main drivers for patients preferring Cal/BD foam over gel were items related to sensation (i.e. 'immediate feeling of relief' and 'felt soothing to my skin'), whereas Cal/BD gel scored significantly higher than foam for items related to ease of application, the ability to apply the medication on specific psoriatic lesions, and the user friendliness of the container. Cal/BD gel also scored significantly higher than foam for the formulation-related items 'not greasy' and 'odourless'. These findings agree with a previous analysis, in which patients rated the feel on the skin, the ease and speed of application, and messiness as important characteristics of a topical therapy. 25 It is interesting to note that both Cal/BD foam and gel were preferred to the LTT that patients received, particularly when the LTT was an ointment or cream. This is consistent with previous studies showing lower patient preference scores for ointments than for foam, gel and solution vehicles, primarily owing to the stickiness and messiness of ointment formulations. 25, 27 However, there is a potential selection bias in the comparison with LTT, as patients participating in the study may already have been dissatisfied with their last treatment options before enrolment. Cal/BD gel was preferred by those with widespread distribution of psoriasis, whereas a trend for preference was noted for foam in patients with localized distribution. Combined with the preference data related to ease of application described above, this may suggest that application of Cal/BD gel is most suitable for patients with small lesions distributed widely over the body, whereas patients with larger lesions may prefer application of Cal/BD foam. Cal/BD foam was generally preferred by younger patients (aged 18-39 years), whereas Cal/BD gel tended to be preferred by older patients (aged ≥40 years). Although we can only speculate, older patients may prefer the gel formulation as they are more familiar with it and find it easier to apply than the newer foam formulation, while younger patients may be more open to using a newer formulation such as foam.
The results of the PSO-INSIGHTFUL study should be interpreted with caution because of a lack of experience with the questionnaires used. Of the six questionnaires that were used to assess patient preferences, two were validated (the DLQI 24 and VPM 25 ); however, the remaining four questionnaires (SABA, TPUQ, CLTT and SPA) were developed by LEO Pharma based on work by Zschocke et al., 28 and were used for the first time in this study. Patient and focus group interviews were conducted to assess the construct and content validity of these four questionnaires to ensure that they assessed clinically important, relevant issues, that the domains were logical and that the questionnaires were understood by patients. The observed results are consistent across the validated and LEO-generated questionnaires, suggesting that the data obtained from the latter are robust. In addition, the fact that there were many similar questions related to the application and formulation items may contribute to a high weighting of these questions on the sum scores that were used in the regression analyses. On a similar note, the specific reasons for patient preferences are not ranked, and it is difficult to discriminate between the factors driving preference; this may be related to a lack of sensitivity within the questionnaires. Finally, as the statistical analyses were not adjusted for multiple testing, all P values should be evaluated with this in mind.
In conclusion, the PSO-INSIGHTFUL study demonstrates that patients with psoriasis have diverse needs and different preferences for topical treatment, which are influenced by several factors such as age, psoriasis distribution and LTT. This knowledge may help prescribers choose the right formulation for the right patient, which could potentially lead to improved adherence and better treatment outcomes.
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